
International Journal of Research (I JR) Vol-1, lssue-5, June 2014 ISSN 2348-6848 


ADAPTIVE ENVIRONMENTS: spatial 

AD APT A TION B Y RE CONFIG URA TION 

Shreya Sen 1 

Abstract 

Space Crunch" is a daily struggle in the life of majority of Urban Dwellers, more so for growing 
families to which they either respond with unique design solutions or compromise. Internal non load 
bearing walls occupying valuable floor space is one of the reasons contributing to this "Space 
Crunch". Thereby necessitating a study to explore transformations on the 

Wall plane. This paper is a study of reconfigurable systems both on the wall as well as roof plane 
leading to an apt design solution for Reconfigurable, Internal Modular space dividers in Tensile 
Fabric. The paper would finally conclude with a conceptual design solution answering the "space 
crunch " issue enhancing functional efficiency of residential dwelling units with changing occupants. 
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pSpace Crunch : A by product 
of rising urbanisation 

Migrating population is on the rise as cities 
offer lucrative employment opprtunities. 
But work places go hand in hand with 
corresponding dwelling units, to house this 
growing populace. Land is limited and 
families still has the pottential to grow. 
Predictably needs also grow and households 
need more space. This has been going on 
right from the time of Industrial Revolution 
and humans have always found a solution 
because they possess this incredible power 
to "Adapf'to changing situations, one of 
which is through "Spatial Transformation". 

Concept of Spatial 
Transformation 

"Spatial Transformation" in this context is 
defined as any 

• ALTERATION 

• ADDITION 

• EXTENSION 

• MODIFICATION 

Of Residential Interior Space Usage 

It has been identified as an integral part of 
Inhabitation. In the context of self built 
houses in developing countries [1], as well 
as homes all over the world occupied by the 
Urban populace , studies show that there is 
an abundance of transformation incidents. 
[2]. 

Transformation in Interior walls is defined as 
Partition Level [PL] transformation, by the 
author T.H. Khan in his book Living with 
Transformation. Permanent construction 
works is involved as the Internal non load 
bearing walls are made of Bricks which is a 
rigid material. 

Categories of Partition level 
Transformation 

1. EXPANSION:The size of one unit is 
increased by devouring some space from 
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adjacent units on the same floor. For eg : 
as families grow, a larger bedroom is 
required and a smaller dining space is 
acceptable as a compensation[Fig 1] 



Fig 1 : Transformation by expansion 

2. REDUCTION : The size of one unit is 
reduced usually due to change of usage of 
part of any area into non residential 
activities. [2] For eg : the reduced part 
becoming office or storage space. (Fig 2) 

no - m 

Fig 2 : Transformation by reduction 

3. SUBDIVISION :lt involves constructing or 
demolishing partition walls , or simply 
closing a door or two so that parallel 
private functions can be carried out in 



Fig 3 : Transformation by subdivision 
these subdivided areas. [2] (Fig 3) 


These categories of transformation incidents 
are a common occurrence in small dwellings 
in urban areas causing " Space Crunch" due 
to rigid internal non load bearing walls 
occupying valuable floor space . 
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Internal subdivisions causes increase in 
circulation space, thereby resulting in more 
wastage of space. (Fig 3) 

As families grow, sometimes adjacent flats 
are purchased and merged into one and the 


internal circulation is reconfigured by 
shifting the position of few non load bearing 
walls resulting in transformation by 
subdivision. 
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Carpet area = 900 sq. ft[Area occupied] 

Loading factor =25% [125] 

Built up area = Carpet area + 

Bed 

Loading factor b 

d =1125 sq.ft. 

Therefore, Carpet Area = 80 % of Built up 
Area 

Balance 20% is profit for the builders. 

Out of the above mentioned 80%,rigid space 
divisions in the form of internal walls, 
further reduces maximum space utilization. 

Actual space utilized - 70% of Built up Area 

In such a scenario, Reconfigurable Modules 
of Tensile fabrics can greatly reduce space 
wastage by an astonishing 20%, as there is 
reduction in area coved by fixed walls,& 
the reconfigurable nature of tensile 
modules makes multiple internal wall 
configurations easy, thereby achieving 
optimum space utilization. 

Reconfigurability on the wall 
and roof plane : Built examples 

This study was undertaken to understand 
the design characteristics of reconfigurable 
modules. Even though majority of the 
featured projects show reconfigurability on 
the roof plane, their analysis led to the 
kinematic development of the conceptual 
design of Lightweight modular walls. 
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2Project: CANOPIES SHADING 

This desig^fiou^be^iiW^ihtWSSQMf ^ 
ligr^^a^smitting alternative to conventional 
sfet)i it 8fiW6fi F iWffi MSPm8l^n partition 
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t befa'pa ce via "Spatial Transformation ". 
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r Fig 4 : Internal View of Swimming pool 
s showing double layered membrane 
c roof[ barrel form ].(3) 

COMPLETE RECONFIGURATION 

Reconfigu^ability Anal 
membrane = good des> 
modules 

From the point of vievd 
,a module consists of 4 
\an intermediate air 
Ininimum 3 cm. The inj 
louble layered skin ca 
the foldable structure, wnicn gives it stability 
in a reconfigured position. This concept is in 
ffMfaMti&'frW^W'W *^rnal 
eWmf&e ^nftWaUWmmmg pool at 
Unterluss, Germany 

Conceptual Design Solution 
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Fig 5 -.Closed to open position showing folding action of the umbrellas[c\ockw\se from top left] 



usf d as internal space dividers 
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ints into consideration, a reconfiguraWe modular wall skeleton was designed, as shown in the pirtutes below 
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thereby allowing a com Fig 20 Voidable 

zone on the floor level, module design 
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attached at the roof level. 


fixed at the 
Ceiling. 


SfthF^fkual Design Solution 
Adhering to these 
Specifications 




ERGON 


ESIGN 


Fig 8 : complete 
reconfiguration 
of wall module 
allowing barrier 
free zone on floor 
level 

CEILING LEVEL 



iel detail of the 
rab World. 


Considering. irie human height and scale of 
the room* of a general apartment [2.7 M] in 
Ra^rrfigdtB^lic^Aihradlyajs Xtm rtsf era-fetwantgrai I 
theigtojM <pfatteeug"gxjtna ncrniSb^pdifcjidpdrtr^tm . 3 
zones. [Fig 21] below 
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Fig 19: PROPOSED DESIGN of Ql long Tennis 


similar to the iris-type diaphragm of a 
Rmjosta (Big Conclusion : Textiles and 
nWowkiwgri nraetgoialaiain^hiwroeeraDrftlaEhHeLriB^s 
wi It b krarsk i ircetrid: rd>^ v io§ s thee tarrhbeiiintfleafbiliig^t 
Nghteiesig8titndil5trielBgd)lfi ttiffllfotuielsiing, according 
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facade. Unfortunately, due to high 

maintenance and operational costs the rirgs 

no longer work. Commonly, the iris -type. TV. 

, Reconfiguration Applicability 
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this research 
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Figure S !. Potential transformable facade, configuration iff the module. 
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Fig 10: Parts of the Iris Diaphragm (3) 
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jCgy^ej-e^ with a blade actuating ring that has 
p^^rji^^ w^ed pieces(Fig 10). By rotating 
'SfSTlTOf E^T- we ' c 'eti'ipilW» push or pull the 


-|j^^cje^ A a^id the sizedtPfptrT^geihs opening can N 

v&6K£B ed(3) [works like the ° 

pUjfijth F ^[s c |ystem 1W£ fcfa^We^lap each 
other during the deployment; as a result 
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angle. The slope of the blades increases as 
they approach the closed position. This is 

4?W ^Vvfv^ff wh f n the width of the blade Partly 
rfj^A^ condiflwriingiettttf* rang^ |jcab|e 
designs possible with this system. 


Reconfigura jility on the wall 



Fig 11: Potential 
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Figure 1. i fczagonal swivtl diaphragm, main components, 
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described below 


Fig 12: Hexagonal swivel diaphragm and 
it's process of deployment (5) 
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frame and PTFE Membrane cushion as a 
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structSrW SffiT 6 * ^'W 1 JSfeepVuaf 3 ] design 
stage. ^n^aeWlo^H 1 ^%KB8PlftTgP^nd 
J Chilt^h e an a P t c h°' ce f° r kinetic devices 
which reconfigure on a regular basis. 
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SwovbWbq ggteAwyfawsPo/^Srong/ ifs current 

c^fl&frPtaftfiP US geometry. 

It is constituted by a concentric series of 
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[^|C£^figurabilityAnalysis -. Retractable Roofs 

.The reason why textiles are most suited for 

kinetic /reconfigurable devices 

Fig 13: Design Advantage : Movement in 
In recent decades retractable roofs have 
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be . p^rforAned ^ The Oj^^^H 
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a seating capaG>it\feftaEtlS,i®QO people. It has a 

A^iJ^Sfrrfgte^ttfi ring roof wbich 

Structures operable on the retractable ring 
mechanism due to the swiveling action have 



Fig 16: BUILT DESIGN ofQIZong Tennis centre, 
ShanghaiPetalform of retractable roof (5) 

be applied in areas where specialized 
technology is not available. From the point 
of view of this area of research, this design 
concept has a pottential to be applicable as 
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r^R^8 ra 6uKba?^. r t0 make the des 'g n 
more energy efficient and at the same time 

eliminating the gaps. 



PTFE cushion 
Dcployable frame 
<s>raighi elements layer I) 
I3Gj)loyablc fraitie 
(slrai ghrck mciils layer 2) 



I^cployablc frame 

(Mguljied elements) 
Slccl col j mis 

" Fixed in posilton support 


4 Open 

I his creates a pathway tor rurther research 
and experimentations which might give 



Stasia San H&gge4ffll 


fion 


